This study aimed to evaluate the allelopathic effects of aqueous extracts of Tectona grandis L.F. in various concentrations produced from leaves and flowers. Seeds of lettuce (Lactuca sativa L.) and germitest paper as substrate were used, the germitest paper was moistened with distilled water, and aqueous extract in concentrations of 100%, 75%, 50%, 25% and 0% (distilled water). The extracts were homogeneously deposited on twenty-five seeds evenly distributed in gerbox-type boxes. The materials used in the experiment were previously sterilized with alcohol (70%). A completely randomized experimental design with four replicates was used and the experiment was conducted under natural conditions of temperature and humidity. The tests were carried out in the laboratory, the experiment was watched for 10 days always at the same hour and the variables analyzed were Germination Percentage (%G), Speed of Germination Index (SGI), Mean germination time (MGT) and Mean speed of germination (MSG). The data were submitted to Analysis of Variance and compared by Tukey test considering 95% of probability. It was observed that there were no significant differences in leaf and flower extracts for the variables %G, MGT and MSG, however, in SGI aqueous leaf extract differed significantly at the highest concentrations (75% and 100%). It was concluded that aqueous extracts of leaves and flowers of T. grandis had no inhibitory potential in relation to the percentage and average germination time of lettuce seeds at any of the concentrations.
Introduction
An alternative ecologically viable production is the combined cultivation of species, integrating annual crops with forestry species. In addition to increasing biological diversity, it raises the economic viability of the system, which provides a range of financial return options for those who produce. However, it is necessary to know the synergistic and antagonistic effects that individuals can exert on others to maximize the production.
Allelopathy is an example of an effect caused by plants that share the same space, which may have direct or indirect implications, which may be beneficial or not. The effects of this mechanism are caused by compounds produced in the secondary metabolism of the organisms, which may interfere with the germination and development of some nearby plants (Soares, 2000; Goldfarb et al., 2009; Taiz et al., 2017) .
In general, allelopathic effects can be confused with competition. However, they are substances that inhibit or hinder some physiological functions of the near individuals, while competition is characterized by the dispute for Pires and Oliveira (2011) indicate that one of the efficient ways of testing the allelopathic effects of one species over another is doing a germination test, because of its simplicity, and rapid achievement of results. Studies on allelopathic potential of the teak (Tectona grandis L.F.) species are few, so it is necessary to know about the allelopathic effects of the species.
Teak has been cultivated since the 18th century, with the aim of reducing deforestation of native forests due to illegal logging by the British for shipbuilding. Its planting began in some countries of tropical Asia and expanded to tropical areas, including Brazil, where plantations beyond short-cycle and high-density plantations than those practiced in Southeast Asia (Figueiredo et al., 2005) . Thus, teak commercial plantations in Brazil adapted well to the conditions as a form of positive investment, being the species used in consortia.
One of the ways of evaluating the allelopathic potential of a species is through tests using species sensitive to the process of allelopathy. Therefore, the use of lettuce seed is indicated in these studies because it presents a high degree of sensitivity for rapid and uniform germination test and that allows to obtain answers of the results even with minimum concentrations of allelochemicals (Souza & Furtado, 2002) This study aimed to evaluate the allelopathic effects of aqueous extracts of T. grandis L.F. in various concentrations produced from leaves and flowers.
Method
The vegetal parts of teak used in the preparation of the extracts were collected from two adult teak specimens at the Campus of the Federal Rural University of Pernambuco, located in the city of Recife/PE-Brazil (08º03′14″ S; 34º52′52″ W), observing good phytosanitary characteristics of the individuals.
All the material used in this experiment was previously washed with water and neutral detergent, then sterilized with alcohol (70%).
Aqueous extracts of 250 g of fresh samples were produced in 1 L of distilled water, comminuted in a blender and filtered on a cloth strainer just after crushed, being this extract 100% concentrated. From that, dilutions were made the 75%, 50% and 25% extracts with distilled water, and the distilled water (0%) as the control. These steps were followed for both leaf and flower samples.
The germitest paper was the substrate used, it was previously sterilized in a forced aeration oven at 103±2 °C, for two hours according to the Rules for Seed Analysis-RAS (MARA, 2009 ). Subsequently, the germitest papers were packed in gerbox boxes (20 × 12 × 10 cm) corresponding to a sample unit, which was moistened with distilled water in the proportion of 3× the weight of the paper, being accommodated the seeds after dampening, and the extracts were then added.
The seeds were distributed on the substrate, being organized in five rows with five units each. According to the RAS (MARA, 2009), seed spacing should be uniform and sufficient to avoid competition and contamination between seeds. Therefore, each sample unit had 25 seeds.
Then, 2.5 mL of the extracts were added over all seeds of the experimental unit using a pipette so that the solution was homogeneously distributed, not needing to moisten again.
The experimental design was completely randomized, with five replications and five treatments for each part of the plant studied. The primary root protrusion of 5 mm was considered as the germination identification criterion, and for the emergence, growth of 1 cm of the coleoptile above the substrate. Germination of lettuce seeds was evaluated daily for 10 days, always at the same time. The experiment was carried out in the laboratory under natural hydrothermal conditions (25 °C and 72% UR).
The variables analyzeds were: (a) Germination Percentage (%G), based on the daily count of germinated seeds, based on the principle that the sample units with the highest percentage of normal seedlings will be the most vigorous, using equation:
Where, NG = number of germinated seeds; NT = total number of seeds per treatment.
(b) Speed of Germination Index (SGI), obtained by calculation based on the daily count of the number of seeds that generate normal seedlings in a period of seven days. To obtain the data for later calculation, normal jas.ccsenet.org
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Where, G1, G2, ... Gx = number of daily germinated seeds; N1, N2, ... Nx = number of count days.
(c) Mean germination time (MGT), corresponding to the time necessary for the germination of a seed group, in which the faster these germinations occur, the more vigorous the observed seeds:
Where, ni = number of seeds germinated in a certain time interval ti.
(d) Mean speed of germination (MSG), to quantify germination from the kinetic point of view. The lower the value the more vigorous the seed lot will be, corresponding to the inverse of the average time:
Statistical analyzes were carried out by transforming the data obtained using arcsen (x/100), submitted to ANOVA and compared by the Tukey's test at 5% of probability using the RBIO software, and applaying regression analysis if necessary.
Results
The different concentrations of aqueous extracts made with teak leaves did not significantly affect percentage, the mean time nor the speed of germination. However, it was verified that the germination rate index of the treatments 75% and 100% differed statistically from the control treatment, according to the results presented in Table 1 . No significant differences were observed for the evaluation of the allelopathic potential of the aqueous leaf extracts as a function of the percentage of germination, SGI and mean germination time. However, the concentrations of the 25% and 100% teak flower's extracts were statistically diverged in relation to the mean germination speed. The results are presented in Table 2. jas.ccsenet. Note. Ave Tukey's te Figure 1 sh the plant. In a study using extracts of different concentrations of Sesbania virgata leaves, Araujo, Silva and Lima (2018) observed that there was no significant difference between the treatments in relation to the percentage of lettuce germination when compared to the control. Also based on the same study, the variable SGI showed a significant difference in the concentrations 50%, 75% and 100%; in the variable increase of the average time, the presence of the extracts increased the period for emergence of the plants and the average speed suffered a significant reduction on the interference of the extracts; and in relation to the average time the presence of the extracts increased the period for emergence of the plants and consequently the average speed decreased.
Towards results over flower extracts, Andrade (2003) observed, in studies based in based on aqueous extracts made from Acacia podalyriaefolia flowers (Mimosa's family), the presence of allelopathic effects in tests of germination of lettuce seeds. Oliveira et al. (2012) verified working with extracts from Erythrina velutina flowers that there was no interference in the variable %G, but SGI differed significantly from the control treatment. Oliveira et al. (2005) analyzing aqueous extracts of flowers of Chloroleucon tortum (Mart.) Pittier observed total inhibition of lettuce germination, which clearly shows the presence of allelochemical substances in the plant material.
Besides that, De Conti and Franco (2011) observed in a study with flower extracts Casearia sylvestris Sw that there was inhibition in the germination and in the growth of seeds of lettuce; in relation to the SGI the C. sylvestris flower extracts showed a delay in the germination process from the concentration of 25%, where that variable presented a reduction of values with the increase of the concentrations of the extracts used, which corroborated with this study.
Conclusions
Aqueous extracts of teak leaves and flowers from Tectona grandis had no inhibitory potential in relation to the percentage and mean germination time of lettuce seeds at any of the concentrations.
Leaf extracts interfered in the SGI, but not in relation to the speed of germination. The leaves extracts had an inverse behavior, interfering in the germination speed and not causing changes in the SGI in relation to the different concentrations of extract.
Thus, it was possible to verify that there were no significant difference treatments, but they exert influence on the germinative behavior of lettuce seeds, especially in the highest concentrations, occurring mainly in the rate of germination speed of teak leaves. It is worth mentioning that, due to the scarce work in the allelopathy field with teak, these results may contribute to other researches in this segment. 
